as occasion demanded. If the phenomenal decrease in the incidence of diphtheria during the last ten years is to continue, and if diphtheria is to disappear from our islalnds, it will only result from a highly immunized population, and the continued immunization of all children during the first year of life. The great decrease in the incidence of the disease means that with fewer cases, there are fewer carriers, and less opportunity for natural immunization, which has accounted for much immunity in the past. Thus fewer contacts with the bacillus of diphtheria would mean higher susceptibility among the non-immunized, and possible disaster, if the proportion of immunized persons was to fall, for the diphtheria bacillus is like the poor-always with us-and has lost none of its sting. The great decrease in the severity and mortality of scarlet fever, which has been continuous since the beginning of the century, cannot be placed to the credit of the medical profession or the public health services. rhis is a natural phelnomenon for which there is at present no explanation. The incidence of the disease remains high, although it has been robbed of most of its former terrors.
In the light of this decline in incidence and severity of the common infectious diseases in this country, it is but natural that more and more attention is being paid to the continued high incidence and mortality from tuberculosis. Our knowledlge is still deficient regarding several factors in the aetiology of this disease, and few reliable records are available even for the morbidity rate. WVe are apt to forget that in England and Wales some four hundred people a week still die of tuberculosis. If an epidemic of one of the acute infectious fevers killed on this scale, it would arouse considerable disquiet, and intensive investigation. I)uring the past twenty years a great amount of valuable research has been carried out, both in Great Britain and in U.S.A., into the sources and paths of spread of some of the acute infectious diseases, in particular scarlet fever and the enteric fevers-typhoid and paratyphoid B. These investigations were made possible, first, by the comparative ease and speed with which the bacteria causing these diseases can be grown in the laboratory, and second, by the use of methods which enable the bacteria causing one disease to be identified and subdivided into numerous types. For example, the typhoid bacillus comprises more than twenty different types, and the streptococcus which causes scarlet fever can be subdivided into more than forty different types. These fine distinctions enable the investigator frequently to trace the source of an outbreak of scarlet fever or typhoid fever, and to show the paths bv which it has been spread from source to victim. Furthermore, these diseases are acute infections with short incubation periods, and occur not infrequently as explosive outbreaks involving many persons over a comparatively short period of time. Similar investigations of the pattern of spread of tuberculosis are beset with difficulties. The tubercle bacillus is very fastidious as regards the laboratory media on which it will grow, and it is at present largely grown on a solid media prepared from fresh hen eggs and special salts. Specimens of sputum submitted to the laboratory for culture of tubercle bacilli are usually teeming with other bacteria. These must first be killed, as they multiply on laboratory media from thirty to forty times as rapidly as the tubercle bacillus, and would outgrow it and use up all the nutriment. Methods are available for getting rid of unwanted bacteria, but we are again thwarted by the extremely slow rate of multiplication of the tubercle bacillus, which requires upwards of three or four weeks to produce visible growth, as against eighteen hours for average bacteria. The tubercle bacillus infecting man belongs to two types, the human and the bovine, and again special methods must be used to differentiate them. Tuberculosis is a slow, insidious disease, with a long inicubation period of many weeks or months, and occurs as epidemics only with extreme rarity. Even in that most susceptible of all animals to tuberculosis, the guineba pig, which can be infected with as few as two tubercle bacilli, it may be from four to six or eight weeks before the infection can be diagnosed, while in the meantime the diagnosis of the infection in the patient must often remain in doubt. 'I'his indicates some of the disadvantages which hamper laboratory investigations on tuberculosis. The sources of infection with the tubercle bacillus are two in number-man, and milk from tuberculous cows, causing human and bovine tuberculosis respectively. I was once asked whether tuberculosis can be contracted by eating meat from an infected animal. There does not appear to be a single recorded instance of the disease being transmitted in this way. Tubercle bacilli occur in lungs, liver, kidneys, intestines, glands and udder, and not usually in muscle or fat. Moreover, the tubercle bacillus is very easily killed by heat, and little or no beef is eaten without cooking; even the process of smoking beef or ham is claimed to kill the germ. There is also an additional safeguard in the veterinary inspection and stringent regulations against the sale of meat from diseased anirtals.
As the human type of tubercle bacillus plays the predominant part in causing infection, let us consider first some of the knowledge which has accumulated regarding the methods of spread. But first there are certain fundamental biological facts, of which we must take cognizance. To survive, any parasite must as a rule find a way of getting out of the first victim it infects, and gaining access to another before the first victim dies or is completely cured. Unlike most bacteria which cause infections of the respiratory tract, such as scarlet fever, diphtheria and pneumonia, and which may regularly be cultivated from the nose or throat, the tubercle bacillus does not settle down in these sites, and when it reaches the lungs it is usually surrounded and sealed off from the outside air by blood and tissue cells. In the great majority of infections the story ends with the death of the organisms leaving only a small but permanent lifelong scar in the IluIngs. This is proved by the fact that post-mortem findings show that upwards of ninety per cent. of the population have at some time during their lives been infected with the tubercle bacillus. This is evidence not only of the wide dispersal of the tubercle bacillus, but of the general high resistance of the population to inifection, due, in part, perhaps to repeated contacts with small doses of the organisms over generations. How different when for the first time the tubercle bacillus reaches primitive peoples, too often alas ! via the civilized white man, when it spreads as a pestilence. Robert Louis Stevenson, himself a victim, tells of a tribe of fine physique in the Marquesa Islands, which was reduced by the ravages of tuberculosis in the space of a year from some three hundred souls to a pair of lone survivors.
Even if the tubercle bacillus becomes established in the lungs, it remains cut off from the outside air until the inflammation it has set up breaks down the enclosing wall of tissue and enables it to reach the air passages and be coughed out. In tuberculosis, it is the open lesion or lung ulcer that pours the organisms into the sputum and thus releases them for circulation in the patient's environment, a process that may continue for years and subject his most intimate contacts to heavy risk of infection. If the infection has not progressed too far or too rapidly, treatment mav help the damaged tissues again to wall off the areas of infection; the victim then ceases to disperse tubercle bacilli in his environment, and( max be able to resume normal activities without being a danger to his contacts.
What actually happens when a patient with open pulmonary tuberculosis coughs or sneezes? Much of the information available is based on detailed investigation of what happens when patients suffering from acute respiratory infections such as scarlet fever or acute tonsillitis cough or sneeze, because the bacteria causing these infections can readily be cultured, identified and counted in the laboratory. During talking, coughing and sneezing, tiny moist droplets conetaining bacteria are expelled from the mouth or nose for distances up to six feet, according to the size of the droplets, and the violence of projection. Large (droplets have a curved downward trajectory, and settle fairly rapidly in front of the person who coughs, on his personal clothing, bedclothes, floor, in fact on everything within a range of a few feet, infecting persons and objects in his close vicinity . Sneezing, according to the vigour of the sneeze and other factors, expels from 5,000 to 100,000 droplets. The number of droplets expelled in a cough can be counted in hundreds compared with thousands in a sneeze. Spray from a cough leaves the mouth at a rate of about ten miles an hour, and is atomized to droplets which vary in size from 1/140 mm. to 1 mm. or more in diameter. A diameter of 1/10 to 1/5 mm. is generally accepted as the dividing line between the larger droplets an(d the smaller so-called droplet-nuclei. The droplets, being larger and heavier, settle quickly in the immediate vicinity of the patient. The dropletnuclei, on the other hand, evaporate very quickly (in about half a second) to a diameter of about 1/200 mm. or less, and being very minute and light they tend to remain suspended in the air like cigarette smoke and get wafted about by air movement-such droplet-nuclei may thus carry infection for a considerable distance.
In cases of scarlet fever or diphtheria or whooping-cough, it is possible to count the number of droplets containing the infecting organism emitted by a cough. This is done by holding a culture plate about three inches in front of the mouth duLring a cough. Mainly because of the slow growth of tubercle bacilli and of the presence of many other quick-growing organisms in the cough spray from a patient with open tuberculosis, this method is not practicable as a means of estimating the number of tubercle bacilli emitted in a cough spray. However, another method has given results-by placing a thin glass plate, three inches square, in front of the patient's mouth it is possible to collect the droplets from a cough on the surface of the glass. The droplets on the glass can be stained, then counted under the miscroscope, measured, and the number of droplets containing tubercle bacilli with the number per droplet estimated. Using this method, Duguid (1946) I'here is almost overwhelming evidence that tuberculosis is usually an airborne disease, but there are many who believe that contact, direct or indirect, may also play a part in the transmission of infection. What evidence is there to support this view? Tubercle bacilli were found in saliva from the tip of the tongue in twenty-nine out of fifty cases of pulmonary tuberculosis by Nield and Dunkley (1909) . More recently, Duguid (1946) found tubercle bacilli in the saliva from lips and gums at the front of the mouth in ten out of twenty tuberculous patients before coughing. 'rhere is no evidence to suggest that the organisms mulliply in these sites, and indeed conditions in the nose and mouth are not favourable for the growth of the tubercle bacillus, buxt the positive findings suggest that a risk of infection from kissing tuberculous patients, though probably remote, cannot be ruled out.
Numerous workers have reported finding tubercle bacilli on the hands of tuberculous patients. Graziani (Rosenau, loc. cit., 1908) found tubercle bacilli on his own hands after shaking hands with tuberculous patients. Similar results have recently been described in U.S.A. (Hamburger, 1946) by the isolation of hiemolytic streptococci from the hands of persons suffering from scarlet fever and from the hands of persons with whom they have shaken hands. These results are undoubtedly due to contamination of the hands by blowing the nose and handling the nose and mouth, and are possible factors contributing to the spread of infection. Their significance in this relation has not been assessed, but they should not be over-emphasized. In Germany, Ostermann (1908) recovered tubercle bacilli from the hands of seven out of fourteen phthisical patients and from one attendant, but he obtained them only four times from forty-two children living in tuberculous families.
Spray from the untrapped cough releases infected droplets into the air and several workers have recovered tubercle bacilli from the air of rooms or wards in which phthisical patients were being nursed. Klein (1893) infected guinea-pigs with ttuberculosis by exposing them in the vent shaft extracting air from the wards of Brompton Hospital, but more recent attempts to repeat such tests were not successful. Other workers failed to find tubercle bacilli in swabs from the noses of physicians and nurses attending phthisical patients, although they found them in the noses of the patients themselves. Other things being equal, does not this suggest the importance of prolonged *or repeated close contacts with cases of open tuberculosis as against the occasional or intermittent contact? It must be admitted, however, that the inhalation of a single large dose of tubercle bacilli on one occasion may act as the spark to start an infection.
It will be recollected that the larger droplets emitted by a cough, and tllose most likely to be heavily infected, settle rapidly on the personal clothes, on all objects in fromn of and below the level of the mouth, and on the floor. What is the ultimate fate of these droplets, and what is their significance when infected with tubercle bacilli? It needs no medical knowledge or experiment to know that the droplets of mucus, whether or not they contain pus cells or bacteria, dry fairly rapidly--our own handkerchiefs tell us that. Lange (1926) in Germany found that tuberculosis sputum sprayed on various surfaces, in droplets similar in size to those expelled in coughing, was sufficiently dried in an hour or less to becomne detached from handkerchiefs, clothing, bedding and solid surfaces as a fine dust which nmight remain suspended in the air for at least one hour. A large proportion of guinea-pigs exposed to inhalation of such dust developed primary lung lesions. There is, however, general agreement that in dust from drie(d (Iroplets containiing tubercle bacilli, a large proportion of the bacilli die off either in the process of dryinig or after a short period in the dlry state. An experiment by lvtler (f940) indicated that the proportionl of tubercle bacilli remaining alive in sputum after two days' dIrying was probably of the order of one to five per cent. of the numlilbers originally present in the sputum. Lange's experiments (1926) showed that for at least twenty-four hours after drying, the sputum may be highly infective for guinea-pigs, but the infectivity decreased after one or two days' exposure to diffuse sunlight, and after six days the dry sputum was no longer infective in doses from 100 to 1,000 times as great as that sufficient to infect immediately after clrying. In the dark, infectivity was retained longer, but eighteen dlays after drving one hunidred times the original infective dose was required.
Many attempts hiave been made by numerous investigators to isolate tubercle bacilli from dust under natural conditions. Cornet (1885) Lovelock and Lowbury, 1948) . Sterile cotton handkerchiefs issued to volunteers in the Common Cold Unit were collected after two days' use, and dried in a quiet dust.free atmosphere at 70°F. The handkerchiefs were then shaken in a sealed room, and the number of bacteria-carrying particles obtained from them was estimated. It was found that the average number of bacteria-carrying particles obtained per handkerchief by manual shaking was 14,720, and by mechanical agitation 60,300. The mean count of bacteria-carrying particles from 211 handkerchiefs shaken for thirty seconids was 68,000. Probably ninety-eight per cent. or so of the organisms found in these dust particles were common nonpathogenic bacteria occurring in the nose, mouth, throat, and on the skin, but we must not lose sight of the significance of these findings in relation to the spread of tubercle bacilli from dry sputum-infected handkerchiefs. The authors of this investigation conclude by saying "the use of the handkerchief is probably the most important single action, except bed-makinig, in the contamination of the air with micro-organisms from the respiratory tract". Brown and I (Allison and Brown, 1937) have on repeated occasions isolated the streptococcus causing tonsillitis and scarlet fever from handkerchiefs of convalescent patients in scarlet fever wards, and also from dust in the pocket in which the handkerchief was kept, as well as from crockery and utensils used by the patients after a meal, and from the surface of the Another problem which crops up from time to time, and which was put to me in 1944 by an After Care Committee on Tuberculosis in England, is the possibility of transmission of tuberculosis through books. Many workers lhave investigated the possibility of the transmission of some of the acute infective fevers via books, but I have only been able to find five reports on similar investigations into infection of books with tubercle bacilli, and in two of these carried out in Germany in 1903 and 1907 the conclusions do not carry conviction. Some more recent investigations, however, by Kenwood and Dove (1915) , by Roodhouse Gloyne (Tytler et al., loc. cit. 1940) , and by Smith in U. S.A. (1942) , have enabled us to draw more definite conclusions, which may be summed up as follows-a book read by a phthisical patient may become contaminated by droplets from sputum, expelled during coughing or speaking. As the book is usually held within eighteen inches of the face and below the level of the mouth, the larger droplets, which fall rapidly, may readily contaminate it. It may also become infected by the practice of moistening a thumb or finger in the mouth in order to turn a pagea practice which should be as extinct as the dodo. [The Laticet in 1943 said this practice should be as obsolete as shuttle-kissing, but I learnt only recently, to my surprise, that in Northern Ireland at least, shuttle-kissing is still practised.] Kenwood and Dove gave small squares of paper to patients with open tuberculosis, to hold before the mouth while coughing, over a twventy-four hour period. The papers were then dried for forty-eight hours, washed, and the washings injected into guinea-pigs. Papers from eight out of fifteen patients produced tuberculosis. Similar squares of paper were given to six other patients, to be smear-ed twelve times with the thumb moistened with saliva. After two days' drying, washings from four out of the twelve papers infectedl guinea-pigs with tuberculosis. Roodhouse Gloyne pulped in sterile water a book whichi had been extensively used in tuberculosis wards, and the se(diment from the washings infected one of two guinea-pigs with tuberculosis. Smith foundl that tubercle bacilli could be recovered alive from books and magazines for periods up to three and a half months after deposition. rhe organisms lived as long on paper as or. glass and as long on printed as on blank paper. The period of ability to recover the organisms from books or magazines was dependent on the size of the dose initially deposited. Despite these data, we really do not know whether contaminated books or magazines can transmit tuberculosis. Lacking such proof, they must be regarded as possible vehicles of infection, although they are probably insignificant as compare(d with other agents already mentioned. It is diflicult to carrv out active sterilization without damage to books, anid the use of ultra-violet light as a bactericide would involve exposure of every page of the book. There appears to be a general consensus of opiniion that books contaminated or Es¢.pected to be contaminated wvith tubercle bacilli can be rendered safe and non-infectious by a quarantine period of a month. On the theory that a much used ragged book is likely to be an infected book, cheap books and soiled books shouldlbe destrovedl. Books exposed to possible infection with tuberculosis sliould nlot be sol(d to second-hand (ealers.
The last problem of this kind I wish to mention, is one about the potentialities of which we know little or nothing. It is the part played in the transmission of tuberculosis bv articles manufactured by patients engaged in occupational therapy, especially articles made of leather, such as bags, purses, note-cases, and of wool or other fabric, such as bed-jackets, scarves, rugs, cushion covers, tapestry. I am not aware of any investigations having been carried out to determine whether such articles have ever been found contaminated with tubercle bacilli, but it is the practice in many sanatoria to expose all such manufactured articles to formalin-vapour before they are sold or given away. A working party set up by the Medical Research Council is at present investigating the value of exposure to formalin vapour for the disinfection of articles made by tuberculous patients in occupatio,;nal therapy centres, and its report and recommendations will be awaited with interest. Formalin vapour is a very efficient disinfectant, but if one can argue from the fo-malin vapour disinfection of blankets and mattresses, simple diffusion of the vapour will not be sufficient, especially for articles of wool or other fabric. A preliminary vacuum in a closed chamber containing the articles will bOe necessary, so that when the formalin vapour is admitted it will penetrate and completely permeate the articles, leaving no enmeshed pockets of air to insulate areas of the articles from direct contact with the vapour.
Our most recent krnowledge on non-pulmonary tuberculosis is based on the Report (1949) of a group investigation in England and Wales, planned by the Medical Research Council and carried out during 1943-45. The findings were based on the isolation an( i(lentification of tubercle bacilli from a total of 1,106 patients. The organisms were isolated from patients suffering from meningitis, infection of cervical glands. bones and joints, abdominal tuberculosis, genito-urinary tuberculosis, and other miscellaneous non.pulmonary sites. The figures for England showed that the bovine type of bacillus was the cause of approximately 28 per cent. of cases of tuberculous meningitis, 57 per cent. of cases of tuberculosis of cervical glands, 10 per cent. of bone and joint tuberculosis, 64 per cent. of abdominal tuberculosis and 20 per cent. of genito-urinary tuberculosis. In all groups the proportion of infections with bovine bacilli was higher in children than in adults, but in contrast with earlier findings, the highest proportion of infections of bovine type was in the 5-9 age group, instead of the 0-4 age group. This change is attributed to the gradual replacement of raw milk by heat-treated milk for infant feeding during the past twenty-five years or so-this has lessened the risk of inrfection with bovine type organisms during the first year or two of life. On the other hand, owing to the milk-in-schools scheme, school children are at greater relative risk of infection with bovine-type organisms, as many children now receive milk who would previously have had little or none on reaching school age. Most of the larger authorities provide a pasteurized or T.T. supply of milk to their schools, but it is true to say that there is still an appreciable proportion of schools (probably about 10 per cent.) in which raw milk is consumed under the scheme, especially in small towns and rural districts. On the basis of the findings, it is estimated* that in England and Wales about 24 per 11 E cent. of all cases of non-pulmonary tuberculosis were caused by infection with the bovine type of tubercle bacillus, and that in 1944 between 1,300 and 1,400 persons died from tuberculosis of bovine origin. Dr. Violet Reilly has recently (1950) pointed out that the incidence of bovine tuberculosis in humans in Northern Ireland has decreased very considerably during the last ten years. This is due largely to the high percentage of milk pasteurised, 98 per cent. in Belfast and over 90 per cent. in Northern Ireland, and also to the increase in the number of attested herds. I am informed that there is no bovine tuberculosis in Belfast, but during the last two years I have been surprised at the large number of cases of undulant fever in Northern Ireland which occur especially in rural areas, more in relation to the size of the population than occur in England and Wales-this is evidence that there is still a considerable amount of raw milk being drunk, especially in rural areas, as many people, especially children, may drink milk infected with Br. abortus for long periods without getting undulant fever.
I have tried to convey to you the main pathways by which the tubercle bacillus maly be tranismitted from one person to another, and some of the evidence available in support of the modes of infection. But, taking the broad view, one fact stands out broad and clear -as Geddes Smith of the Commonwealth Fund in U.S.A. expressed it in 1941 -"Tuberculosis spreads most dangerously in the close contacts of the family. Resistance breaks down before a mass attack, and the steady bombardment of each other by husbands and wives, parents and children, hrothers and sisters, is the best of all mechanisms for perpetuating the disease. Taking all ages together, people exposed to tuberculosis in their own homes are roughly ten times as likely to fall sick of it as are people in the population at large."
In order to fit what has been said into the general concept of the causes of tuberculosis, let me quote from the Terry Lectures in U.S.A. for 1940, given by Professor Sigerist of John Hopkins University, taking as his subject "Medicine and Human WVelfare" -"Bacteriology revealed external biological causes of diseases, and blinded by the great success of the new science, physicians were often inclined to overlook the social, economic and individual factors that are just as decisive in the genesis of disease. There is no tuberculosis without tubercle bacilli) but while most people are exposed to infection, very few actually develop the disease. A low standard of living can be as much responsible for the disease as the bacilli."
As regards the prevention of spread and the control of tuberculosis, it is unnecessary to detail the methods in current use for preventing the spread of infection by tubercle bacilli -the shielding of the cough with a handkerchief (the trite but true expression -"coughs and sneezes spread diseases" will not be forgotten), the use of paper handkerchiefs and methods for their disposal, the use of separate crockery, the methods of dealing with laundry and bed linen, the exclusion of children from the sick room, the value of soap and warm water not only for the hands but also for cleansing the bedroom of a phthisical patient, the practice of dusting by damp dusting or by vacuum, never by dry dusting, and the value of sunlight, fresh air and ventilation. But, as that great American epidemiologist, Wade Hampton Frost, said in 1937: "While organization and weapons have been improved, the essential strategy of the attack against tuberculosis remains the same as it was fifty years ago. The main objective is still avoidance of exposure, and the strategy is that of a frontal assault on discoverable sources of infection. From the standpoint of prevention, curative treatment and measures designed to increase resistance to infection may be regarded as supplementary." Time alone will tell whether the widening use of B.C.G. vaccine will cause these views to be changed.
During the past fifty years, many diseases, mainly intestinal, have shown a great decrease both in incidence and in mortality. This has in considerable measure been due to the State which, through its Sanitary Authorities, has pro. vided aind continues to extend the provision of pure potable water supplies and the water carriage system for disposal of sewage. What the State can not do is to provide a pure supply of the air we breathe in our daily walks through life. TIhat must in large measure depend on the individual, and in this respect each of us has a personal responsibility. Many of the infectious diseases to which the flesh is iheir, still prevalent to-day and even on the increase, such as food poisoning anid (dvsentery, are caused through human iginorance and carelessness. The essential root cause is lack or disregard of personal hygiene, which is responsible for a great deal of infectious disease, both intestinal and respiratory, including pulmoniary tuberculosis. Suffice it to say, it is comparatively easy so to live as to prevent our own secretions from being inhaled or ingested by others. Personal cleanliness is less expensive than municipal cleanliness, and can be equally effective in preventing the spread of disease, and is within the reach of all. But to bring it into universal practice, there must be knowledge, and knowledge of this kind can be gained only by educatioin. And it is on this note -the importance of education in personal hygiene -that I coniclu(le -education in school, education in the home, education at parents' association meetings, in hospitals, and in large and small catering establishments. IThere is no doubt that the school is or should be one of the most important health inistitutions, helping the child to acquire early a natural habit of personal hygiene. TIo inculcate these tenets, the teachers must learn, appreciate and themselves practise health habits. In the home, this applies to the doctor and health visitors, in the hospital to the nursing and medical staff, and in the University an(d traininig school to the teaching and tutorial staff. Only by relentless efforts, by co-operation and by mutual understanding will we eventually achieve success in the fight against infectious disease, and tuberculosis is one of the "captains of the men of death" against which efforts must continue to be concentiate(l.
